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To　improve　the　pe㎡formance　of　perpendicular　magnetic　recording　using　a　single－pole－type（SPT）
head　and　double－layered　medium，　a負nite－element　method　simulation　has　been　carried　out　with　a
calculation　model　fbr　l　Tblin．2．　Additional　side　shield　poles　have　been　introduced　to　reduce　the
side－writing員eld　while　mailltaining　the　recording且eld　strellgth．　The　side－writing　ratio，　assumed　to
be（field　strength　at　a（ljacent　track　center）1（且eld　strength　at　home　track　center），　was　O．31　without　the
side　shields．　The　optimized　side　shield　allows　this　to　be　reduced　to　O．11．Amuch　nalrower　off－track’
且eld　distribution　than　with　conventional　heads　was　obtained　with　the　SPT　head．◎2003んnerican
Instit〃te　of　Physics．［DOI：10．1063！1．1555774］
1．INTRODUCTION
　　　An　areal　density　of　l　O7　Gblin．2　in　pe甲endicular　record－
ing　has　been　demonstrated　using　the　combination　of　single－
pole－type（SPT）head　and　double－layered　medium．　l　The
drive　integration　challenge2　and　conceptual　studies　fbr　areal
densities　of　l　Tblin．2（Refs．3－7）have　also　been　shown．　Tb
achieve　a　higher　areal　density，　it　is　necessary　to　reduce　the
side－writing　field　while　maintaining　the　recording丘eld
strength　of　narrow－track　SPT　heads．　The　recorded　transitiolls
written　by　an　SPT　head　with　a　track　pitch　of　65　nm・on　a
medium　with　coercivity，　Hc，　of　3　kOe　were　observed　by
magnetic　fbrce　microscoP）r．8
　　　1n　this　article，　a　headlmedium　model　fbr　I　Tblin．2（38
nm　track　width　and　47　nm　track　pitch）was　assumed，3　and　a
且nite－element　method　simulation　has　been　carried　out．　In
order　to　obtain　a　steeper　field　decay　in山e　cross。track　direc－
tion　while　maintaining　a　large　recording且eld　in　the　narrow－
track　width，　we　have　introduced　additional　shield　poles．9
覇thout　the　side　shields，　the　stray　field　strength　at　th6　a（lj　a－
cent　track　center　Was　31％［magnetomotive　force（㎜）
＝0．1Ar］of　the　home　track　Center，　consequently，　the　stray
負eld　would　erase　the　recorded　a（ljacent　trackS．　The　stray丘eld
can　be　reduced　to　11％（MMF＝0．1　Ar）by　using　the　opd－
mized　side　shields．　Tb　compensate　fbr　the　drawback　of　a
decrease　in　the　recording丘eld　strength　fヒom　10．6　kOe　to　9．8
kOe（MMF＝0．l　Ar），　several　methods　will　be　discussed　in－
cluding　a　thicker　main　pole　and　side　shields　with　a　variety　of
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structUres．5’10　An　off－track　field　distribution　was　obtained
wnh　the　SPT　head　that　is　much　narrower　than　those　obtained
with　conventional　heads．
開．ANALYSIS METHOD　AND　HEAD　MODEI－
DESCRIPTIONS
A．Analysis　method
　　　For　this　article，　the　commercial　software　JMAG．wORKS　l　l
was　used　to　analyze　the　head負eld．　The　material　nonlinearity
was　included　in　the　calculations，　while　magnetic　resonance，
magnetic　anisotropy，　hysteresis，　and　displacement　currents
TA肌E　I．　Major　specifications　of　the　CF－SI「r　head．　Underlined　numbers
are　referred　from　Ref．3，　while　others　are　assumed　from　Ref．12．
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FIG．1．　Schematic　structure　of　CF－SPT　head　with　side　shields．
were　ignored．　Note　that　we　have　previously　shown　that　eddy
currents　are　not　a　concern　at　the　driving　frequency　of　1　GHz
（Ref．12）so　they　are　not　considered　in　this　article．
8．Head　model　descriptions
　　　W己have　modeled　a　cusp丘eld－SPT（CF－SPT）headl3　and
adouble－layered　medium　to　analyze　the　strong　interaction
between　the　main　pole　and　the　underlayer．　Table　I　lists　the
maj　or　parameters　for　the　l　Tblin．2（47　nm　track　pitch）headl
medium　model，　where　the　underlined　parameters　are　from
Ref．3while　the　others　are　assumed　from　the　results　in　Ref．
12．Tbe　head且eld　distribution　l　l　nm　from　the　air－bearing
surface（AB　S），　the　center　of　the　recording　layer，　was　ob－
served．　As　shown　in　Fig．1，　we　have　introduced　additiona嚢
shield　poles，9　which　have　a　simple°geometric　shape，　in　order
to　produce　a　steeper　field　decay　in　the　cross－track　direction
while　maintaining　a　lalge　recording盒eld．
闘聾．CALCULATED　RESULTS
　　　In　Fig．2，　the　dc　recording　field　versus　MMF　is　shown．
Because　of　the　very　small　size，　the　head　field　saturates
MMF＜0．05　Ar，　and　then　increases　gradually．　The　MMF
should　be　smaller　than　O」AT　for　this　geometry　because　for
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FIG．2．　dc　recording　field　vs　MMF　for　l　Tb／in．2　SPT　head．
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TABLE　IL　Calculated　maximum　recording　field　strength，　recording丘eld
gradient，　and　side－writing　ratio　a，　where，　main　pole　thickness　is　150　nm　and
MMFis　O．I　AT．
Without　shieldsWith　shields
　　　B、of　main　pole（kG）
Recording丘eld　MAX（kOe）
Recording負eld　gradient　MAX
　　　　　dHy／dx（Oelnm）
Recording且eld　at　maximum
Field　gradient　is　ob曲ned（kOe）
　　　　Side－writing　ratioα
20
17．5
433
10．7
0．4
24
20．8
513
11．2
0．39
20
15．7
411
9．7
0．15
24
19．7
500
12
0．18
50Gblin．2　drive　integration2　the　MMF　used　was　around　O．1
Ar　This　means　that　the　head丘eld　at　MMF＝0．lAr　is　too
small　to　record　on　a　medium　with　a　coercivity　of　l2　kOe，
where　16．3　kOe　is　estimated　to　be　necessary．3　A　stray負eld　of
more　than　4　kOe（MMF＝0．1Ar）at　the　a（巧acent　track　cen－
ter　is　more　serious　because　this且eld　would　erase　the　re－
corded　signal　since，　in　pelpendicular　recordings，　a　stray負eld
exceeding　the　nucleation且eld，　Hn，of　the　medium　will　erase
the　recorded　signal．　Also，　a　smaller　repeating且eld，　from　the
disk　rotation，　will　detedorate　the　recorded　transitions．　There－
fbre，　it　is　very　important　to　reduce　the　stray愈eld　in　order　to
realize　a　higher　track　density．　Here，　we　assume　that　the　side－
writing　r tio，αis　given　by
α一五ed器畿。妥c諜lte「・（1）
Without　the　side　shields，　the　side－writing　ratio，α，　is　O．31，
which　means　that　the　stray負eld　would　erase　the　recorded
a（漸acent tracks．　The　side－writing　ratioαcan　be　minimized　to
O．11with　the　optimized　side　shields．　However，　the　recording
field　strength　decreases丘om　10．7　kOe　to　9．8　kOe（0．1　Ar）
by　introducing　the　shields，　which　is　a　m勾or　drawback．
璽V」D肇SCUSSION　ON　OBTAINING　A　LARGER　FIELD
　　　Several　methods　may　be　used　to　obtain　a　larger　record－
ing丘eld，　these　include　a　thicker　main　pole　and　side　shields
with　difl；erent　structures．　The　most　eff6ctive　way　to　obtain　a
higher　field m y　be　 o’　use　a　higher　saturation　material，　how－
ever，　the　recording　field　obtained　was　11．7　kOe　when　B　s　of
24kG　was　assumed．　Comparing　l　I．7　kOe　to　9．8　kOe　which
was　ob面ned　with　Bs＝20　kG，　this　compensation　is　not
enough．
　　　TabIe　ll　compares　the　recording　field　strength，丘eld　gra一
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FIG．3．　Cross　section　of　tapered　m滋n　pole　and　trailing－side　shield．
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FIG．4．　Comparison　of　recording　field　distributions　in　the　down－track　direc－
tion．
4000elnm　for　recording且elds　from　5．4　kOe　to　l　L2　kOe．
The　head且eld　distributions　of　fbur　models　are　compared　in
Fig．4．　This　shows　that　the　model　with　a　tapered　main　pole
with　a　trailing－side　shield　should　have　no　or　less　skew　prob－
Iem　compared　to　the　150　nm　thick　pole　or　tapered　main　pole
without　tapered　trailing－side　r6turn　yoke．　These　facts　show
that　fUnher　stmctural　optimization　with　soft　material　with
Bs＝24　kG　will　give　an　SPT　head　with　a　large　recording
field，　which　leads　to　a　high　linear　density，　less　side－writing
丘eld，　and　less　skew　effect．　These　are　all　indispensable　fbr　an
SPT　head　fbr　l　Tblin．2　recording．
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dient，　and　side－writing　ratio　when　the　thickness　of　the　main
pole　is　150　nm　fbr　the　soft　material　withβ、　of　20　kG　and　24
kG．　The丘eld　strength　becomes　much　1arger　when　the　thick。
ness　of　the　main　pole　is　150　nm，　especially　when　Bs
＝24kG．　The　recording　fields　obtained　are　almost　80％of
B、，well　above　the　required　16．3　kOe，　even　when　the　side
shields　are　used．　It　is　also　fbund　that　the　recording　丘eld，
recording　field　gradient，　and　side－writing　ratio　are　practical　if
the　side　shields　are　used．　However，　a　thicker　main　pole　tip
requires　the　introduction　of　a　linear　tracking　actuator，　there－
fbre，　it　is　not　practical　with　regard　to　the　drive　integration．
　　　Using　a　tapered　square　pole　i2　may　solve　the　skew　effect
problem．　In　Fig．3，　a　schematic　stmcture　of　a　tapered　main
pole，　of　which　ABS　view　is　38　nm　wide　and　50　nm　thick，
and　the　tapered　trailing－side　retum　yoke　is　shown．　Field
computations＄how　that　this　structure　gives　a　recording且eld
of　14．9　kOe，　a　side－writing　ratio　of　O．18　when　soft　material
B5＝20　kG．　Remarkably，　the丘eld　gradient　is　approximately
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